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CULTIVATION OF SCIENCE 
Methods in Scientific Research 
Address Delivered by 
Sir E. J. RUSSELL, D.Sc., F.R.S. 
Vireclor., 1?,othamsted Experimental Station, 
on the occasion o/ the first award of the ]oy Kissen Mookerjee 
:Medal to him, on March 13th, 19}7. 
In rece~t.y:ear~ throughout all civilised c~untries 
there has been .a prodigious amount of so-called 
research stimulated by the University reguJations 
adopted for higher degrees : the M.Sc., the 
Ph.D., .and the D.Sc., all of whicll require· the 
prepar~tio~ of a thesis involving original work. 
Much of·. this is necessarily in the nature of 
students' exercises. -It is routine work carried out 
in accordance with certain ru1es, and original vnly 
in the sense that a game of cards is entitled to that 
description, simply becausb no er{e had ever before 
held the same sets of .cards, or if they ha~l, would 
have played them in quite the same way. ·Many 
men who hold research posts continue doing this 
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kind of work all their lives, and never get beyond 
the ordinary rules of the game or outside the usual 
conventions. This we can call routine researcb. 
There is, however, another type of research 
which not infrequently breaks through all the 
rules and conventions, strikes out into completely 
new lin~s and makes-some new discovery, open-
ing up fresh fields never before studied by scienti-
fic workers ; this we can call the discovery 
type. 
The number of people capable of doing 
rou~ine work is very large and almo~t any intelli-
gent person can be trained to this end, but the 
number who are able to make discoveries and d~ 
research of discovery type is very small ; these 
me~ are· born, not produced b; training. Ev.en. 
in countries like England: where the choice caR. 
range over the whole Empire, it is frequently 
difficult to fin.d a man of sufficient quality, and 
this di{ficulty is intensified ~ery .greatly_ as soon 
as limitations of race or community come into 
play, • 
The distinction between the two types of work 
is· of the same order as that between the true 
artist and the mere painter, The" analogy, how-
ever, between science and art is not complete,· 
because the ~econd rate arti;t, while he m_ay give 
( 3 ) 
pleasure to large numbers of inexpert people, may 
do but little to advance art ; while the second rate 
sc~entist, provided he does his work honestly and 
to the very best of his ability, may render consi-
derable ·services to science. · 
HOw does the scientist work? It is remark-
able how quiet he is on this subject. ·No l~ctures 
are ever given to science students . on scientific 
methods even after they have 'st!'lrted ·to do. re-
search, and most of them begin simply by doing 
air they" are told ; 'some indeed nev.er get ·beyond 
this stage. The classical ~ethod of .scientific 
investigation is to begin by ·making experiments, 
then to. ~serve. the result, finally to.~lraw conclp-
si~ns. This ~ethod .is associat6d with Francis 
· Bacon, the great E~glish philosopher .of the 16th 
century, who lived within a few. miles. of 
Rotkmsted ; it i; called the method of e~peri:­
~ent, 9b~ervation .&nd inference. \t seems to. us 
the· most obvious one, but this was not.always so. 
·The ~lder method, which you find magnificently 
·illus_trated in Pfato's Republic; ~as to discuss the. 
subject at l~ngth, poping to arrive at the truth by 
the method ·of. many arguments. · It .was· some 
long time before Bacon's method. displaced this 
older one. 
A ~ood illustratioQ of ~he classical ~~t4od i§ 
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afforded by Van Helmont's experiments made at 
Brussels at the beginning of the 17th century to 
discover the source of plant food ; I cannot do 
better than give the description written by his son. 
''I took an earthen vessel in which I put 200 lb. of 
soil dried in an oven, then I moistened with rain 
water and pressed hard into it a shoot of willow 
weighing 5 lb. After exactly five years the tree 
that had grown up weighed 169 lb. and about 
3 oz. But the vessel had never received anything 
but rain water or distilled water to moisten the 
soil when this was necessary, and it remained full 
of soil, which was still tightly packed, and, lest 
any dust from outside should get into the soil, it 
• w~s covered with a sheet of iro~ coated ~th tiit 
but perforated with many holes. I did not take 
the weight of the leaves that fell in the autumn. 
In the end I dried the soil once more and got the 
same 200 pounds that I started with, less about 
two oz. Therefore the 164 lb. of wood, bark and 
root, arose from the water alone." The experi~ 
.. 
ment was well thought out and the conclusion 
seems irresistible. Yet we know it -iras not 
correct. There was an unknown factor ; the 
carbon dioxide of the air entered into the result 
and destroyed what was otherwise a very good 
case. That is the weak point of the method in 
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its original form. There may always be an· un-
known factor coming into· play and upsetting 
what is otherwise a sound deduction. Van 
Helmont knew nothing about air or carboil. 
dioxide. 
This danger is now met by following up the 
conclusions. A men tal picture of the process is 
constructed ; this is called the hypothesis. If the 
picture really represents the fact then certain 
results must follow. The hypothesis can be tested" 
by experiments. If it stands the test, it is valid ; 
if not, it must be rejected, and another must be 
substituted. This method was much developed 
during the 19th century and it stand-s to-day as 
the type of the western scientific method. 
No hypothesis· ever comes out entirely un-
scathed from the test. It may answer 99 times, 
y~t break down at the 1 OOth te91:. Then it must 
be discarded. It is no discredit for any man .to 
have his hypothesis overthrown. If his work has 
helped others to· clarify their position, if it has 
evok~ discussion and so Induced other investi-
gators to examine the problem from another point 
of -view, then it has aerved its purpose. Indeed, 
it might be argued tbat a hypothesis which catne 
~ut absoluteiy right at• the first attempt, wo~ld 
not help science "so much as one which led to 
') 
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much discussion and had to be considerably 
modified by other workers. It is no discredit, 
though it may be a tragedy, to see your hypothesis 
shattered. 
T. H. Huxley once gave as the best illustra-
tion of a tragedy the wrecking of a beautiful 
hypothesis by an apparently trivial fact. 
Dalton's investigations at the beginning of 
the 19th century illustrate very well this further 
development. He was studying the chemical 
combination between two substances and showed 
that it proceeded, not in gradually increasing 
quantities, but in definite proportions ; one part 
by weight of carbon would combine with 1·3 parts 
of oxygen or with 2'6 parts but not with any 
intermediate quantity. In other words, 3 parts of 
carbon would combine with either 4 or 8 parts of 
oxygen. This was a definite fact and he called it 
the Law o( Definite Proportions. The next step 
was to make a picture of the process, and here is 
where the genius of the man showed itself. He 
revived an old Greek hypothesis that matt~r is 
composed of atoms and that these atoms can 
combine one with another, but that the combina- · 
tioo with anything less thim an atom is impos-
sibie. The atoms united to form moiecules. · 
Of all the elements known to him the atom of 
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hydrogen was the lightest. He made up a table 
of atomic weights based on these combination 
numbers, taking hydrogen as the unit. and drew 
a very attractive picture of the structure of 
matter, which greatly impressed the scientific 
workers in the early 19th century and laid 
the foundation of modern chemistry. Dalton's 
hypothesis of the atomic;: structure of matter was 
tested by many deductions and always stood the 
test. It was elaborated and became a system 
insteci'd of a mere picture ; it could no longer be 
called a hypothesis but was called instead a 
theory. The two words are sometimes used as if 
they were the same thing, but there is a very 
important difference between them. A hypothesis 
is an isolated mental picture or assumption ; a 
the~ry is a connected sy~tem ~f ideas. 
Another example is furnished by the work of 
the Italian chemist Avogadro in 181 2. He 
observed that the densities of the various gases 
were proportional to their molecular weights ; a 
molecular weight in grammes at normal tempera~ 
ture and pressure occupied 22·4 litres. This was 
an· experimental fact. His mental picture of the 
process was that equal volumes of all gases 
contain equal numbers of molecules and this has 
become known to all students of chemistry as 
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Avogag.ro's Hypothesis. It has been extensively 
.elaborated and ultimately. developed into the 
Kinetic Theory of Gases. 
Scientific investigation takes two forms ; both 
begin in the same way : the discovery of facts. 
In applied science the inventor proceeds to dis-
cover how best to use these facts. In pure science 
the investigator sets up a hypothesis to explain 
them a·nd hopes to be able to develop· this into 
some theory so founding a new systerp. of 
ideas. 
· The power of ·creating hyp<>theses can be 
developed. Tyndall, a distinguished physicist of. 
the ~icfdle of the ·19th century, wrote a; interest-
ing book, which students of science should read, 
called "The Scientific Use of the Imagination". 
But the makirig of hypotheses has its dangers ; it 
~usf be distinguished_- sharply from the process 
of drawing conclusions from experimental data. 
In maki,ng a hypothesis help fro!n analogy is often 
very valuable ; in drawing conclusions it may be 
very dang~rous: · • 
A serious difficulty with any· hypothesis . is 
that its author is easily satisfied with it and ·he 
may convince others ev~n though it is incorrect. 
It is· characteristic of the human intellect to stri!e 
after broad simple generalisations and these when 
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presente<f are apt to be accepted without much 
question: . 
But the' acceptance does not last long ; _intellec-
tual activhy proceeds in cycles. The 19th century. 
wag a period of great constructive development. 
Broad, aimple generalisations, such as the · indes-
tructibility ~f matter, th¢ cons~rvation of energy, 
the law of evolution were. eyolved and they 
captured ·the im.;gination· of scientific workers by 
their simplicity and their apparent sufficiency:. 
The 20th tehtury, on the other hand; has been· 
a time of • overthrowing of established ideas and 
c;ustoms, -sometimes after critical ·examination that 
led to· deliberate· rejecti;n, ·sometimes n~t .. But 
it is safe tb say that all of the broad gene:talisa-
tions reached in the 19th century after many year~ 
of ·labour have now been thrown over; broken 
down in far less time than it took tQ build them 
up. 
· Yet the positive contribution.s of the 20th 
century to· science have been very -great. Jn two 
directiotls in particular remarkable advances have 
been made : improvem.ents. of observations and 
the ·det~iled studies of errors. · 
The improvement in scientific observati~ns has 
been astonishingly great: instruments, methods, 
the. whole technique of scientific ~ork, ·have 
l) 
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developed at an unprecedented rate. I~struments 
have changed out of all recognition. Measure-
ments e,:an be taken with an accuracy and rapidity 
that would astound the old scientific workers if 
they could cpme back and see them. Appliances 
such ·as those designed by Sir J. C. Bose, Sir 
Venkata Raman and othets enable properties 
to. be measured which till recently were quite 
unkown. More. important still; it is now· recognis-
ed that even the best of these measurements is 
faulty, that the best conducted. experiment has 
errors. To err is human, and modern science 
recognises that its data are all liable to error and 
t~at" it can n.ever possibly arrive completely at the 
truth. Browning, one of the poets who appre-
ciated science more than usual, compared truth to 
"the asy~ptote of a parabola a~d hu~an ~ffort to 
the parabola itself which, though it be continued 
through tim~ to. eternity, will never finally reach 
the asymptote, though it is always trending that 
way. 
One of the great advances in modern aci~nce 
has been the development of methods for esti-
ma_ting the magnitude of . the residual error ;. the 
probable extent of the gap between the result 
obtained and the truth. A beautiful illustration 
is afforded by the work of the late Lord Rayleigh, 
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which led to the discovery of a whole 
group of new elements: Argon,. Neon, Xenon 
and Krypton. He was determining the density 
of nitrogen, a thing which many physicists 
had done before, and he prepared· his nitrogen 
in two ways : from the atmosphere by removing 
oxygen ai?-d carbon dioxide ; and by 
heating ammonium . nitrite. The density 
determinations did not quite agree. In itself this 
would have caused but_ little surprise-no two 
determinations ever did entirely agree. The 
characteristic of Rayleigh• s work was that the 
probable magnitude of the error could• be 
calculated' and he showed that the 'difference 
between the two samples of nitrogen was greater 
than could be attributed to. the etrors of the 
experiment. The nitrogen from the atmosphere 
was definitely heavier tha~ that from alllJlloniuin 
mtr1te. There seemed little doubt that the gas 
obtained from ammomum nitrite was pure • , 
nitrogen, but the gas obtained from the 
atmosphere might ~asily be impure and mixed 
with unknown. heavier gases. 
Being a physicist and not a chemist Rayleigh 
did not • wish to ·follow up the subject. ·He 
handed it over to William Ramsay, who in a 
masterly i~vestj.gation done in conjupction with. 
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Maurice Travers (afterwards at Bang.;lore) showed 
th{lt heavier. g!lses were actually present in the 
nitrogen prepared from the pir ; he isolated them 
and s.tudied their properties. They. had never 
before been observed : they are inert and there~ 
lore -are not to be found in combinatiorr with any 
element on the ea;th' s su~face. 
These striking discoveries were . the direct 
outcome of Rayleigh's. studies on the. sinall errors 
of his- determinations. 
The lesson to the young scientist is obvious : 
never attempt. to explain away an inconsistent 
result. If the observations are not as y~u expect. 
do not . try to hide them, but work out the 
ex,perimental error to see if there is a significant 
differ~nce to· accom:\t for : if so, try td make a 
pjcture of the process an'd see where it leads you. 
This discovery of" Argon, Neon and the· other 
.. 
gaseous elements 'had lain waiting for years in 
many laboratories, but no one had made it. It is 
now realised that in science the study of the 
errors is as important as t~e st~dy of the facts. 
Not only «;rrors of . experiment but also other 
cau~es of variation in results can . be studied 
stal'istically. For Hie biologist, statistical methods 
have become iinperativ~. • The~e is no such thing 
. as rigid .fixity of type. No rigid 9uantitative 
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definition of any species or variety can be gtven. 
No two organisms are absolutely alike.: it is 
always necessary to investigate the limits within 
which the -organisms vary. In ~onsequence of 
this variation of material no two experiments .with 
any living organism, whether plant, anim~l or 
micro-organism, can ever . give quite the same 
results. In comparing "one treatment with ano~her 
there always remains the po~sibility that the 
difference in results has nothing to do . with the 
treatment but is the conseque~ce of variations in 
the organisms under experiment. All this applies 
with special force in agricultural science. Thanks 
to the work of Fisher and others at Rothamsted 
this is .now generally recognised and modern 
agricultural experiments are drawn up in consulta-
tion with the statistician. ~nd arranged in such 
form that the results can be examined statistically, 
so as to find what degree of probability attaches 
to them : whether they can legitimately be 
attributed to the treatment or are explicable simply 
as variations in the mate;ial under expe;iment. 
The use of statistical methods ·\las revoiu-
tionised agricultura! science and given a degree of 
certainty to the results which was never· before 
. . . 
attainable. I cannot too strongly emphasise the 
neec{ for statistical studies m ~ny university 
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where scientific investigation is being carried out 
on modern lines. 
The improvement of technique has added 
enormously to the resources of science, but it has 
introduced the danger of making investigation too 
mechanical. Modern apparatus is very costly 
and very delightful to work with ; one feels all the 
pleasure of a child in handling a new toy, in 
addition to the dignity of being regarded as a 
profound scientist, because one can manipulate 
the amazing-looking piece of mechanism. It is 
easy to go on grinding out figures and results 
without thinking what, if anything, they mean. 
It is difficult to vary the method ; there is a lack 
of flexibility. A good example is afforded by the 
work of W arington on the nitrifying organisms. 
He showed that they are active in the soil, 
yet could never succeed in isolating them. He 
learnt the best bacteriological technique of his 
days and applied it with consummate skill and 
energy to the numerous organisms he picked out 
from the soil. Yet none of them proved to be the 
actual nitrifying organisms itself. He worked on 
for 20 years, diligently and conscientiously, but 
without success, and at the end of the time had 
the mortification of seeing a young Russian, 
Winogradsky, using completely revolutionary 
( 15 ) 
methods, solve the whole problem in a few 
months. It is essential to keep the methods 
flexible, and in the early stages of investigation 
the apparatus should not be too complex. At 
Rothamsted we use Meccano a great deal ·for 
building up our apparatus : it is very easy to 
make modifications. Every large laboratory 
should have its glass blower who is competent to 
make new apparatus. · 
There has been also great improvement in the· 
interpr7tation of results. The old method, the use 
of logic, is still essential ; unfortunately science 
students are rarely • taught logic, and one not 
infrequently finds them trying to perfo;m som~ 
logical absurdity, such as proving a negative. 
Modern methods of interpretation are based on 
statistical examination of the results. Two 
statistical methods have proved of great value. 
The analysis of variance is the basis of tests 
of significance and is also used for estimating the 
magnitude of experimental errors m properly 
designed experiments. 
The analysis of covariance is the extension of 
this method used when more than one variable 
is involved : it is based on the classical method 
of regression, which has now taken the place of 
( 16 ) 
the correlation method at one time much used in 
experimental work. 
In applying these methods to survey and 
other non-experimental data it is necessary to 
exercise -great care in interpreting the results : 
many kinds of spurious correlations or regres-
sions can be worked out by ingenious-minded 
people. _ 
· I n;ed not elaborate the advantages of these 
·methods, ·as fortunately in Calcutta ytm have 
.Professor P. C. M~halanobis who is an expert on 
this subject. · 
A fqrthe! way. in which statistical methods 
have. helped modern science has been in . the · 
design of experiments. In at least. three directions 
the design has been improved:-
. (I) to enable the experimenter to o}:>tain the 
.maximum of information from the experiment; 
(2) to give a valid estimate of error ; 
{3) to mini~ise or ,Qbviate the difficulties 
associated with the variability oLthe material. 
A fundamental change in the d~sign of the 
experiments has resulted from re~ent work.. 
The old method was to put a single question to 
Nature in the fo!m of an experiment designed to 
give the answer yes or no or to bring out some 
simple quantitative relationship. The modern 
( 17 ) 
metliod is to mix up the questions and put several 
at the time .. It has been used ·greatly by Dr. R. A. 
Fisher in designing modern field experiments, 
and as seveya\ factOTs ate bTOught in, these 
experiments are called "factorial" so as to distin· 
guish them from the simple type of the . old 
days.~· 
· . The danger is that the experimenter may 
allow statistic~} methods to run away with him. 
A man with a slight knowledge of mathematics 
finds great satisfaction in handling some simple 
formula a!ld in making play with an equation 
that fits rather badly his experimental curves. 
A ·compet~nt statistician w'ill of course dis-
count .these tendencies, but the non-mathematician 
may easily be overcome by them. When at 
Rothamsted Dr. Fisher first showed how to allow 
for missing plots in a series of field trials, some of 
the yoO.ng people at our Christmas party got up a 
song celebrating the exploits of a young experi-
menter all of whose plots were missing, but he 
consoled himself by the hope that the statistical 
department would somehow make the allowances 
and give him his results. 
• * For a description of these factorial e~tperiments and of their 
statistical treatment see The Design and Analysis of faetorial Expe.ri-
ments-G. F. Yates. , Tech. Com. No, 35, Imperial Bureau of Soil 
Scien~e. Rothamsted Expl. Station, 1922. 
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A further change in scientific method is to 
cast the inquiries into the form of an extensive and 
systematic investigation. The older work tended 
to deal with specific questions ; modern work 
with subjects. The older procedure can be 
compared to the making up of songs and ballads; 
the modern work to the composing of symphonies 
and concertos. The modern method is of course 
much more difficult and we suffer from it in that 
there is a rather large output of poor work 
masquerading under the name of science, which 
in the end, is quite properly buried. in some 
scientific journal where one can feel reasonably 
sure it will never be read. We have proceeded 
a long way from the day when Priestley, at the 
end of the 18th century, could compare scientific 
investigation to the old time hunt, where men 
would go out to catch whatever they could in any 
haphazard way, and where anyone with·a little: 
skill and some luck could find something. He 
himself was very successful· at this "hunting .. 
business : e.g., he heated oxides to see what would 
happen; among them was mercuric oxide and so 
he lighted on the discovery of oxygen, which led 
to the foundation by Lavoisier of the modern 
science of chemistry. Some men have a genius 
for this kind of experiment, but for most people 
( 19 ) 
it is wasteful and inefficient, like firing a gun out 
of a window on a dark night in the hope of 
hitting something. 
The modern method consists as already stated 
in developing a subject and it has become a highly 
organised pursuit. The Universities participate 
in two ways : many of the staff spend much of 
their time on research work-it is always a moot 
point how their time should be divided between 
teaching and research-and students who wish to 
obtain higher degrees can do so only by taking 
part in the research work. 
The various mechanical aids to investigation 
usually enable a man to obtain his doctor's degree 
without difficulty ; but this does not mean that he 
can himself do research ; the real test comes 
later. 
One of the great dangers of this elaborately 
organised type of investigation is its tendency to 
keep the workers too busy to think about their 
work or to follow up any observation that does not 
fit into the general scheme. The great scientists 
of the past realised the need for quiet thinking 
or brooding over their results to find out what 
they might mean. There is a great temptation 
to have a big programme and to take on many 
lines of study. This is a fatal mistake. It stops 
( 20 ) 
a man from thinking, makes him a mere recorder 
and deprives his work of much of the value it 
might otherwise have. 
Side lines are always a difficult problem : 
some regard them as a nuisance : others find 
great temptation to follow them up. In a purely 
technological institute it may be impossible to do 
this and the difficulty solves itself ; in a scientific 
institution the investigator must choose. The 
great scientific geniuses have always been able to 
recognise the relative importance of the main line 
of work and the side line, and they have not 
hesitated to drop the main line when the side line 
seemed more prom1smg. A good example is 
furnished by the work of Professor and Madame 
Curie who were studying the compositi6n of 
certain minerals and found that a packet of . 
photographic plates lying in a drawer in the 
laboratory had become fogged. An ordinary 
investigator would have seen no connection 
between the minerals and the plates : they, on the 
other hand, followed the matter up and dis-
covered radium. 
I 
. Few scientific workers have either the time or 
the inclination to stop and think what lies behind 
their work ; its philosophic background is 
commonly ignored. Yet this philosophic back~ 
( 21 ) 
ground is extremely interesting to a man who will 
take the trouble.to understand it. The old idea 
was expressed in the law of causation ; the same 
causes, it was said, always produce the ·same 
effects. But like other simple 'laws of the ·19th 
century this is no longer considered adequate. 
One difficulty is that the causes do n"ot remain 
constant and their. effects depend on .conditions 
which never again can be made entirely the 
same. Again the statistician has come to the 
rescue, and :while the 19th century scientist 
thought of the ''law~ of l'l!lture'' as something . 
fixed and immutable, the 20th century scientist 
seems rather to be moving to the position that 
there are no fixed laws and one can speak· only 
of the habits of natute . 
. 
A completely different scientific method has 
been adopted irr Russia since the revolution. 
When so much else was being overthrown there 
was of course no r~ason why scientific methods 
should rem~in. exempt, and the ~ritings ol Marx· 
and others revealed a system called dialetic 
materialism whi~h differs in many ways from • the 
older western methods. Instead of proceeding by 
experiment, observation and inference its method 
is by thesis, antithesis and synthesi~. It is an 
e~tremely complex system &nd the untrained 
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man early gpes wrong m handling it. An 
acc:.ount of it is given by f G. Crowther in his 
book "Soviet Science". 
Ftnally; may I give a few words :of advice 
to the students • before me, many cf whom 
probably wish to de"elo~ their powers ·of 
sCientific research ? 
• First aQd foremost : study .carefully some of 
the great classical papers in ~d'ence ·so .as to s~e 
how the masterminds have done their work. 
Do not, as so often happens., cf>nfine your~eif 
to papers in your Own svbject: study others: 
also ; here are a few in alphabetical order that 
every well-read science student should kno'W : 
Horace Brown's 1Japer· on The ·Diffusion 
of Gases in rel~fi~n to the- assimila~ 
tion of carbon by- plants. • 
Einstein's popular book.on Relativity. 
Emil Fischer's papers on the ·Synthesis 
·of Sugars. 
Pasteur ; On the Diseases of. Beer.· 
Rayleigh : Density· of Nitrogen. 
Rutherford.: Radio-Activity. 
Winogtadsky : .Nitrificatien. 
Before you begin your research t~ink. out 
carefully what you are going to do. Be perfectly 
1.mbiassed. ·Do not· set .out to prove something 
(. . 2&.) 
but to test somethil'!g· As the work proceeds 
set out your results :Periodically and think abo~t 
them seriously. Make an early and ·careful draft 
of your · paper even before the results are 
completed so as to ensure that you understand 
what you have done·!ind can ~xplain it to ~thers, 
and, more important still, that you see. what 
the results mean. For most scientific students 
this is a serious difficulty, because so few have 
had much opportunity of learning any language 
thoroughly. I d'o not know how ma:oy science 
students in the Calcutta University could write 
up their results in lit~rary Bengali, in words that 
would accurately ref>;esent what they had 
actually· done and wliat they thought the results 
really meant. Certainly ·mariy English science 
·students are quite unable to exprel2s _themselves 
~ • • J 
in literary English. Nlil better guides to good 
English can be had than Quiller Couch's ·"Art 
of Writing" and Fowler's "Modern English 
. . 
Usage". 
Try to build up yonr work into one decent 
paper. You- can ~ot be sure of writing a 
classicai paper, but at any rate you can try. 
In particular, avoid the bad habit of fragmenting 
your work and scattering the material for a good 
paper into a lot of little qnes. Reputations can 
(. 24 .> 
never be built up on multiP,licity of unimportant 
papers; a few good ones are"far more effective. 
Do ilot fake up too many lines of w9rk: choose · 
one, stick to it and do it . thoroughly. If you 
are npt yourself ~o~king, but supervising· others, 
you may supervise two ."or three lines of 
investigation, but it is not likely that you can 
do more. A man l-fho scatters his energies 
·over too many subject$ cannot possibly acq~ire 
·full critical knowledge of the details and so is 
almost suJe to fall into some error. 
Lastly-and this is particularly important-· 
make sure of your fundamental assumptions before 
you proceed to build u~o!l them. Do. not use 
a Vlethod before you are satisfied that it is really 
valid ; and above all do not begin to investigate · 
. some phenomenon until you know that it really 
exists. Years of work 1-lave been lost through 
seeking to explain something- which afterwards 
turned out to be a faulty observation. 
The path of the scientific investigator is beset 
with many difficulties· and disappointments ~ 
frequently it leads to ilO finartcial o.r social 
succes;. But it brings its own rich reward and a 
man who faithfully devotes himself to the work 
need never hav.e cause to regret his choice. 

